Abstract. MicroRNA (miR)-27b has been reported to partici pate in regulating the activity of non-small cell lung carcinoma (NSCLC) cells. Additionally, when downregulated in NSCLC it promotes resistance to docetaxel; however, the underlying molecular mechanism remains largely unknown. Using reverse transcription-quantitative polymerase chain reaction, the present study determined that the expression of miR-27b was significantly reduced in NSCLC cells that were resistant to docetaxel. In addition, epidermal growth factor receptor (EGFR) was identified as a possible target of miR-27b by searching the online miRNA database, TargetScan.
Introduction
Non-small cell lung carcinoma (NSCLC) is the most common type of lung cancer and is often fatal (1) . NSCLC can be divided into different subtypes including the common squamous cell carcinoma and adenocarcinoma and the less common, large cell lung carcinoma. NSCLC accounts for 70-80% of lung cancer diagnoses, and the disease has often progressed to an advanced stage by the time it is detected (1). Although various treatments have been investigated, systemic chemotherapy has been indicated to improve the quality of life and the survival of patients with advanced NSCLC (1) .
As innovative microtubule stabilizing agents, taxanes, including paclitaxel and docetaxel, have been clinically used for the treatment of NSCLC (2) . Clinical efficacy of these agents varies from patient to patient, with a number of individuals exhibiting resistance to docetaxel. Resistance to chemotherapy remains a challenge in improving the quality of life and prolonging the survival of the patients with advanced stage NSCLC. Therefore, it is important to explore the underlying molecular mechanisms.
MicroRNAs (miRNAs) are a class of non-coding RNAs (18-25 nucleotides in length), that may bind to the 'seed sequences' in the 3'-untranslated region (3'-UTR) of mRNAs and thus trigger mRNA degradation or inhibit protein translation. In a previous study, miRNAs were shown to have a negative impact on cell survival, prolifera tion and motility by regulating the expression of their targets (3) . In addition, miRNAs have been reported to act as oncogenes or tumor inhibitors. It has also been indicated that disruption of miRNA functioning is correlated with human malignant tumors (4) . Furthermore, the deregulation of certain miRNAs, including miR-7, miR-182, miR-192 and miR-17, was associated with resistance and sensitivity to chemotherapy in NSCLC cells (5) (6) (7) (8) .
In a previous study, miR-27b was shown to be significantly downregulated in NSCLC tumor tissue that was resistant to docetaxel, as compared with tumor tissues that were sensitive to the treatment (9) . The present study aimed to investigate the expression levels of miR-27b in samples collected from patients with NSCLC who were resistant or sensitive to docetaxel. In addition, the online miRNA database TargetScan was searched in order to identify the target genes of miR-27b, -27b reverses docetaxel resistance of non-small cell  lung carcinoma cells via targeting epithelial growth factor receptor   SHI CHEN   1,2   , QIAN WANG   2   , XIAN-MEI ZHOU  2 , JI-PING ZHU  2 , TIAN LI  3 and MAO HUANG and a luciferase assay was conducted in order to confirm these predictions. Furthermore, the potential mechanisms underlying the involvement of miR-27b in the apoptosis of A549 human lung carcinoma cells, as well as their chemoresistance, were investigated. The primer sequences were as follows: miR-27b forward, 5'-GGG GTT CAA GTA ATT CAG G-3' and reverse, 5'-CAG TGC GTG TCG TGGA-3'; EGFR forward, 5'-GTC AGC TAG CGC GTA TGC TAAT-3' and reverse, 5'-GCG ATC GTC GTA TAT CTA GTC AG-3'; and β-actin forward, 5'-GAC CTC TAT GCC AAC ACAGT-3' and reverse, 5'-AGT ACT TGC GCT CAG GAG G-3' (Sangon Biotech, Co., Ltd., Shanghai, China). The PCR products were separated by 1% agarose gel electrophoresis (Sigma-Aldich, St. Louis, MO, USA). Each RT-qPCR assay was repeated at least three times. The mRNA expression levels of the miRNA were normalized to U6 snRNA, whereas those of the target genes were normalized to β-actin. Relative expression levels were calculated using the 2 -ΔΔCq method (10).
MicroRNA

Materials and methods
Dual luciferase reporter assay. The full length wild-type EGFR 3'-UTR was amplified by PCR, and inserted into a psiCHECK 2 vector (Promega Corporation, Madison, WI, USA), and the mutant type 3'-UTR of EGFR was generated using site-directed Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, USA). The psiCHECK2-wildtype-EGFR-3'-UTR or psiCHECK2-mutant1 or 2 EGFR-3'-UTR vectors were used to transfect the A549 cells, in the presence or absence of 100 nM miR-27b mimics. Following transfection, the A549 cells were cultured at 37˚C at an atmosphere of 5% CO 2 for 48 h. The luciferase activity was then determined using an LD400 luminometer (Beckman Coulter, Inc., Brea, CA USA). The activity of firefly luciferase was standardized to the activity of Renilla.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
The viability of the A549 cells was examined 48 h following transfection. A549 cells (5x10 3 cells/well) were seeded in a 96-well plate and were incubated to 70-80% confluence. Subsequently, 10 µl of 5 mg/ml MTT (Sigma-Aldrich, Shanghai, China) was added to all wells and cultured at 37˚C for a further 4 h. Following the removal of the medium, 150 µl dimethyl sulfoxide (Sigma-Aldrich, Shanghai, China) were added to dissolve the MTT formazan. The optical density was determined at 490 nm using a spectrometer (ND-1000 Fluorospectrometer; Thermo Fisher Scientific, Inc.). Statistical analysis. All data are expressed as the mean ± standard deviation, and the difference between the groups was evaluated using an independent t-test or one-way analysis of variance. P<0.05 was considered to indicate a statistically significant difference. Each experiment was performed three times. Statistical analysis was performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA).
Results
EGFR is a direct target of miR-27b. miR-27b was significantly downregulated in docetaxel-resistant NSCLC, which may be involved in the molecular mechanism underlying the resistance to docetaxel (9) . When computational analysis was performed in order to identify the potential target gene of miR-27b, the results of bioinformatic analysis predicted a regulatory association between miR-27b and EGFR (data not shown). In addition, the putative 'seed sequences' for miR-27b in the 3'-UTR of EGFR were evolution arily conserved. To validate the regulatory relationship between miR-27b and EGFR, the full length wild-type EGFR 3'-UTR was sub-cloned into psiCHECK2 with a downstream firefly luciferase gene. The two predicted binding sites (200-207 bp and 430-436 bp) were replaced with complementary sequences, labeled as mutant 1 and mutant 2 EGFR 3'-UTR, respectively. Subsequently, A549 cells were transfected with psiCHECK2-EGFR-3'-UTR or psiCHECK2-mutant 1 or mutant 2 EGFR-3'-UTR vectors, together with miR-27b mimics or scramble controls. Following incubation for 48 h, the luciferase activity was examined, and the data revealed that it was significantly reduced in A549 cells co-transfected with wild type or mutant 2 3'-UTR of EGFR 
Determination of the expression of miR-27b and EGFR in docetaxel-resistant and -sensitive NSCLC samples.
To further verify the regulatory role of miR-27b in EGFR expression, 28 docetaxel-sensitive and 26 docetaxel-resistant NSCLC tissue samples were collected. The expression levels of miR-27b and EGFR were examined. As indicated by Fig. 2A , it was determined that miR-27b was significantly downregulated in NSCLC tissues resistant to the treatment of docetaxel compared with those sensitive to it (P<0.01). The expression of EGFR was determined using semiquantitative RT-PCR and western blot analysis. The mRNA and protein expression of EGFR was significantly upregulated in NSCLC tissues that were resistant to the treatment of docetaxel compared with those sensitive to it (P<0.01; Fig. 2B-D) .
miR-27b negatively regulates EGFR expression in A549 cells.
A549 cells were transfected with scramble miRNA control, EGFR siRNA, miR-27b mimics or its inhibitor. Subsequently, the protein expres sion level of EGFR in each group was examined. As indicated in Fig. 3A , the EGFR protein expression level was significantly upregulated following transfection with miR-27b inhibitors (P<0.01), whilst it was significantly reduced subsequent to transfection with the miR-27b mimics or EGFR siRNA (P<0.01). To explore the regulatory association between miR-27b and EGFR, the mRNA expression level of EGFR in A549 cells was determined following transfection with the EGFR siRNA, miR-27b mimics or inhibitor. As indicated in Fig. 3B , upregulation of miR-27b and introduction of EGFR siRNA significantly inhibited the protein expression of EGFR in A549 cells (P<0.01). By contrast, inhibi tion of miR-27b resulted in a significantly increased protein expression of EGFR in the cells (P<0.01). Therefore, it was suggested that miR-27b negatively regulates EGFR expression at the transcriptional level in A549 cells.
miR-27b transfection suppresses A546 cell viability by targeting EGFR.
To identify the role of miR-27b in the control of the viability of the cells, A549 cells were transfected with EGFR siRNA, and miR-27b mimics or inhibitor. It was determined that the transfection of miR-27b inhibitors significantly increased the viability of the cells by inhibiting apoptosis (Fig. 4) . The introduction of EGFR siRNA or miR-27b mimics markedly decreased cell viability and induced the apoptosis of A549 cells (Figs. 4 and 5) .
Discussion
NSCLC is a major health problem worldwide with >600,000 cases diagnosed annually in China despite . Viability of A549 cells transfected with EGFR siRNA or miR-27b mimics was higher in resistant cases than in the control, while the viability of A549 cells transfected with EGFR siRNA or miR-27b mimics were higher in resistant cases than the control ( ** P<0.01 vs. control). miR-27b, microRNA-27b; EGFR, epithelial growth factor receptor; siRNA, small interfering RNA. A B improvements in diagnosis and treatment (11) . Current treatment options for patients with NSCLC primarily include chemotherapy, surgery, immunotherapy, radiation therapy and targeted therapies, which are primarily dependent on the stage of the disease (12, 13) . Commercially approved targeted therapies and chemotherapeutic drugs, including docetaxel, cisplatin, carboplatin, paclitaxel, erlotinib, gemcitabine and pemetrexed, are used to treat advanced stage NSCLC (14) (15) (16) (17) (18) .
Antitubulin agents are important in NSCLC chemotherapy. Taxanes are a family of diterpenes that bind preferentially to microtubules, leading to stabilization and arrest of mitosis (19) . As a member of the taxane family, docetaxel is highly active and commonly used as adjuvant therapy following resection of localized tumors in patients with locally advanced NSCLC. However, like the majority of chemotherapeutic agents, cellular resistance limits the clinical success of docetaxel (20, 21) . It has been determined that miR-27b was significantly downregulated in docetaxel-resistant NSCLC, and may be responsible for the molecular mechanism underlying resistance to docetaxel (9) .
In the current study, EGFR was identified as a potential target of miR-27b. The regulatory association between miR-27b and EGFR was validated by a luciferase assay which indicated that the luciferase activity was notably reduced in A549 cells co-transfected with the wild type or mutant 2 3'-UTR of EGFR (430-436 bp was replaced with complementary sequences) and miR-27b mimics, but had minimal effect on those cells transfected with mutant 1 3'-UTR of EGFR (200-207 bp was replaced with complementary sequences). Therefore, miR-27b may directly bind to 200-207 bp in the 3'-UTR of EGFR mRNA in A549 cells. It has been previously determined that miRNAs are involved in regulation of a wide range of biological processes, and inhibition of their function may aid the progression of human malignant tumors (22) .
Low levels of miR-27b have been associated with numerous types of human malignancy. A study by Wan et al (23) demonstrated that miR-27b levels were considerably decreased in cell lines and tissue samples of NSCLC, and that excessive expression of miR-27b substantially inhibited NSCLC cell invasion and proliferation. Thereby, suggesting that miR-27b may act as a tumor inhibitor in NSCLC. Previous studies have revealed that miR-27b acts as a tumor suppressor in the development of various malignancies, including prostate cancer, colon cancer and neuroblastoma (24) (25) (26) . However, other studies have also indicated that miR-27b may promote tumorigenesis in various cancer types. A study by Jin et al (27) demonstrated that miR-27b was significantly upregulated in human breast cancer, and its proliferation was inhibited by knockdown of miR-27b. Another study by Rui et al (9) demonstrated that miR-27b functions as an oncogene in glioma as significant upregulation of miR-27b in glioma cells and tissues was determined. The present study has confirmed the downregulation of miR-27b in docetaxel-resistant NSCLC by measuring and comparing the expression of miR-27b in 28 docetaxel sensitive and 26 docetaxel resistant NSCLC tissue samples. EGFR was validated as a target of miR-27b. Additionally, mRNA and protein expression of EGFR were significantly upregulated in NSCLC tissues that were resistant to docetaxel compared with those that were sensitive.
As a transmembrane growth factor receptor, EGFR exhibits tyrosine kinase activity, which is important for its involvement in controlling the survival and proliferation of cells (28) , and it has been indicated that the expression of EGFR was negatively associated with the apoptosis of cancer cells (29) . Various mechanisms, including gene mutation, copy number variation, and protein overexpression are associated with the deregulation of cellular activity of EGFR (30, 31) . Alterations in the quantity or activity of EGFR are not uncommon in lung cancer and are usually associated with numerous pathological features, including poor differentiation, high tumor grading and an unsatisfactory prognosis, suggesting that EGFR may be a therapeutic target for lung cancer (31) (32) (33) (34) . In the present study, miR-27b negatively regulated the expression of EGFR, as shown by the observation that miR-27b transfection mimics downregulated the expression of EGFR, whereas miR-27b inhibitors upregulated the expression of EGFR. Furthermore, it was demonstrated that transfection with miR-27b mimics significantly suppressed the apoptosis and promoted the viability of A549 cells. By contrast, the introduction of miR-27b inhibitors significantly induced apoptosis and inhibited the proliferation of A549 cells.
In conclusion, EGFR was validated as a target of miR-27b in NSCLC. It also mediated the apoptosis-promoting effect of miR-27b and the transfection of miR-27 inhibitors significantly promoted the apoptosis of lung cancer cells via targeting EGFR. Therefore, it is possible that EGFR signaling pathway activation underlies the observed downregulation of miR-27b in docetaxel-resistant NSCLC cells, and administration of miR-27b in a manner that efficiently enhances the level of miR-27b in NSCLC tumor tissue may be a novel method to improve the sensitivity to docetaxel in patients with NSCLC.
